The 
Introduction
One of the major problems in many large corporations is distributing the cost in an effective way to all departments and of course in the same dynamic one to sales departments also to develop and maintain efficient sales plans. In those plans, salesmen are assigned to specific geographical areas and their tasks are constantly rescheduled. In task-rescheduling problems, discrepancies between the needed resources for tasks and the resources available to salesmen are a major cause of change and of course on the other hand to minimize the cost of the organization. These discrepancies are inevitable, because it is difficult to take into account the cost and the sales income and consider at the same time the availability of each salesman.
Each time the company employs new salesmen it is necessary to change the Sales schedule (ABC activity costing) and of course the cost programme, because resource discrepancies cause additional costs, either through relocating surplus resources or bringing in new resources. Therefore, if they try to change the master sales schedule, in order to accommodate their desires, their motives for changing it may cause conflicts among salesmen. It is necessary of course to find a new way to distribute the cost and the sales. That is because any move affects the sales of other salesmen, their income and the sales of the company as a whole. In most cases, these conflicts cannot easily be resolved simply by moving salesmen, since such moves would affect the resource profiles of succeeding salesmen, which cause additional costs or losses for the salesmen. Therefore, there is a need to use a coordination methodology for the salesmen' Sales schedule (abc activity costing) optimization process that ensures overall optimality, and on the other hand to minimize the cost using various activities.
The purpose of the present paper is to solve the optimization problem by taking into account the most important constraints, and to find a better way to distribute the costs which are the following:
The salesmen capacity and income should increase in a uniform way in a classic theoretical model. In addition if the cost for the company is distributed by the activities that will result from the negotiations will be much better their distribution for the enterprises. If the enterprise finds a better way to cost under the base of supplies, the faculties of each salesman and the geographic regions, kilometric distances, etc, it will accomplish achieves much better distribution of cost and consequently fairer system of cost accounting. Admitting that the salesman sales capacity increases proportionally to the geographical area's potential turnover, and that the income of salesmen increases proportionally to the area's potential turnover and the salesman commission percentage, then the salesmen rescheduling should take place in such a way as to provide them all equal opportunities to increase their sales capacities and turnover. Finally the company's turnover should always increase in the fastest possible way.
The need for detailed information on a company's operating costs is crucial for all organizations, in order to take proper financial decisions that will allow companies to maintain or even improve their competitive position. For many years businesses operated under the assumption that costing information correspond more or less (but always to an adequate degree) to the cost prices of produced products and offered services. Unfortunately such an assumption was true only in a small amount of cases.
Traditional costing systems were designed to function many decades before, when companies produced only a small variety of products and when direct labor and material were the primary cost factors. The amount of general expenses was relatively low and their improper allocation would not lead to a significant distortion of information with regards to product costs. The expenses associated with collecting economic data were high and therefore companies did not have the necessary data in order to develop a more efficient costing method. ABC forms a concept that was only recently developed, aiming at eliminating all the disadvantages that characterized traditional costing systems.
In recent years, business reality is characterized by phenomena such as increased competition and higher production and distribution costs, as a result of product diversification and the fact that they serve specialized customer needs better. Companies, in responding to these competition changes, have been seeking ways to strengthen their operations and collect more accurate data for decision taking purposes.
Precise knowledge in costing elements of business activities, both at a general and a product-specific level constitutes an important factor in taking strategic business decisions; the costing system used by a company forms an essential information resource for taking such decisions.
Within the context of increasing competition, the activity based costing method was developed with the aim to contribute to a better acknowledgment of expenses relating to the creation of new products (or services), resulting in better and more detailed information on actual product costs for businesses to rely their decisions on. This way, Activity Based Costing helps managers to take more stable and conscious decisions with regards to making their company's products available in the market and to act towards continuously improving their business processes.
The ABC method is a costing method designed in such a way as to provide managers with cost information for strategies and decisions that will potentially affect the company's dynamics and, consequently, its fixed expenses. Normally, the ABC system complements a company's existing costing system and does not replace it. In reality, companies that implement ABC systems maintain two costing systems at the same time: the traditional one used to prepare external financial statements and the ABC system used for internal decision-taking and administrative activities (Garrison and Noreen, 2004 ).
A Review On Bibliography
Traditional costing systems, either those recording overhead expenses based on direct labor or the money value of sales, or direct costing systems that completely disregard overhead expenses for calculating product, services and customer costs were already considered as old. Distinguished researchers in the field of management accounting had already started implementing alternative costing systems based on the transactions that take place in a company.
Traditional costing systems are designed to provide results in a scale of unit costs for the company's products, with the aim to inform third users on its financial statements. Ginoglou (2001) states certain criteria for the implementation of ABC systems in a productive business. More specifically:
(a) Variety of produced products: The availability of products with different costing structures distorts the results of the traditional method, as such method produces the average cost for all products.
(b) Support needs of products: The distribution of support costs for the various products is proportional to the production activity of these products, which induces the corresponding support costs. The most important factors that reduce or increase support costs are the different levels of complexity and vulnerability of product production machinery, and improvements or changes of production processes.
(c) Requirements in common procedures: A separate criterion should be the level of existence of common activities that support production as well as other business operations relating to production, either directly or indirectly. The higher the use of common operations among products (such as production, planning, technical support, research and development, quality control and management) the more imperative the need to implement ABC.
(d) Distribution of time-related costs:
This criterion shows whether a company's costing system is capable of properly and promptly detecting and recording changes in the support requirements of the various products.
According to Goebel et al. (1998) , ABC acknowledges that literally all activities that take place in a company support production, marketing and the distribution of its products and services. This kind of approach of organizational activities allows for a substantial assessment of both industrial and support business costs (e.g. marketing, sales, advertising and management) on individual products, distribution channels, departments and customers. Landry et al. (1997) believe that an organization usually implements ABC for two main purposes: first of all, to obtain a deep understanding of the structure of its costs in terms of procedures and, secondly, to establish the actual value of its products, usually in the form of reserves. Akyol et al. (2004) describe ABC as a methodology that estimates the cost and performance of activities, resources and cost objects. According to researchers, it is an economic model that establishes cost pools or activity centers within an organization, and attributes costs to cost drivers based on the extent of use of each activity. One might say that ABC includes the analysis of an organization into activities (Smith, 1992) . ABC has attracted a lot of attention in the field of management accounting research, both with regards to the ability of activities not related to volume to explain cost behavior, as well as the perceptible value of ABC systems in organizations (Ittner et al., 1997).
Cooper and Kaplan (1992) have expressed the notion that ABC systems have two important characteristics. First of all, the activities carried out are not required in proportion with the total volume of produced (or sold) product units. Requirements depend on the diversification and complexity of the product mix and the consumer mix. Secondly, ABC systems do not constitute models representing the way with which costs and expenses change in the short term. Such systems estimate the costs of the resources used to perform activities in order to produce various products. During a given period, the production of products and services, marketing, sales and distribution to customers create a demand for organizational activities. The quantity of each service provided for the products is estimated using cost drivers, such as the number of hours needed to set up the machinery, the number of purchase orders processed, the number of receipts that have been received, the number of hours of direct labor and machine hours, the number of parts in maintenance, etc. By adding up the costs for all resources produced to carry out individual product activities, the ABC model estimates the cost of the resources used during that period for all company products. Goebel et al. (1998) have discovered that ABC requires by marketing executives to re-determine their thoughts with regards to fixed and variable expenses and the margins affecting the decision-taking process. All executive staff with decision taking and profit responsibilities should operate in an ABC environment, emphasizing on procedures of product development, industrialization and distribution, as well as on the cost of activities necessary for the integration of the above-mentioned services. This requires focusing on the added value for each stage of the process instead of just providing a simple number for the cost of a product. Krupnicki and Tyson (1997) report that those involved in an ABC program should invest a lot of time on the actual factors that produce costs in their businesses, by observing operations, interviewing employees and applying quantitative methods, such as regression analysis. A company that does not commit the necessary resources is certain to achieve disappointing results.
Even though it is clear that the primary role of an ABC system is to provide information relating to the cost of the production line, in reality it offers much more to enterprises. The ABC methodology offers valuable help since it allows managers to perform several important activities, such as: a) detect high operating expenses per product unit and find ways to reduce them, b) calculate with precision the company's profitability compared with the one deducted by using traditional accounting methods, c) determine whether a product or service is worth to sell or if it should be replaced with new products and services, and d) decide whether the internal development of products and services is profitable or should be outsourced.
The ABC methodology does not replace the accounting system already used and established in a company. On the contrary, it operates more like a safety control means to validate the economic result found by using traditional accounting methods. It is important to mention that traditional financial accounting does not examine in depth the reasons for the costs but is more interested in the collective financial result. To this extent, the ABC methodology works as a supplement, ensuring the necessary in-depth analysis of accounting facts that will lead managers to making rational decisions. To this end, Palmer and Vied (1998) claim that, despite unanimously agreeing on the benefits gained from ABC measurements, there is dispute on the way with which theory on ABC can turn into action within an organization. Mitchell (1994) states that the broad use of ABC in many problematic areas of conventional management accounting (such as stock evaluation, cost behavior and variance analysis) does not mean that this method is a cure for all. The implementation of an ABC system should be handled with caution. Users of costing information must bear in mind that the method is not to be regarded as free of arbitrariness when it comes to assessment nor considered to be precisely indicative of real mechanisms for resource consumption. Moreover, it must not be thought that ABC systems provide solutions to cost control problems that are free of behavioral issues or that exclude alternative approaches. Therefore, ABC applications appear to be more suitable for guidance purposes rather than for providing final decisions in critical business issues. Mecimore and Bell (1995) state that enterprises are moving from giving emphasis to products towards focusing on processes, and then towards focusing on the Strategic Business Unit (SBU 5 ). In fact, according to the authors, the completion of ABC development must include the interconnection of activities among the various business units, creating an ABC system that provides information on the company as a whole. Akyol et al. (2004) , mention that the total cost of a product within an ABC environment is equal to the cost of raw materials and the sum of individual activity costs that add up value during the production process. In reality, the ABC method models the use of organizational resources based on the activities performed, and links the cost of these activities with their derivatives, such as products, customers and services. Each product requires a number of activities, such as planning, mechanics, purchasing, production and quality control. Each activity consumes resources from various categories. Cost drivers often constitute measures of performed activities (e.g. the number of units produced, labor hours, equipment operating hours, the number of orders received).
Cagwin and Bouwman (2002) carried out a research which indicated a positive synergy from the use of ABC and other systems at the same time (e.g. JustIn-Time -JIT, Total Quality Management, etc.). When companies use ABC along with other strategic business schemes, the net improvement in financial performance is higher compared to the net improvement that would result from applying only one of the above systems. Furthermore, there is a positive relationship between ABC and a higher Return on Investment (ROI), when ABC is implemented in complex and diversified enterprises, within environments in which costs are relatively high and when only a limited number of inter-company transactions limit the benefits. There are certain indications that other factors (complex information technologies, lack of overcapacity and competitive environment) also have a positive impact on the performance of ABC systems. Finally there are indications that the successful implementation of an ABC system forms a factor towards improved financial performance of companies. Drake et al. (1999) examined the way with which the costing system and the mobilization structure interact within a company. Through their research, they discovered that production costs are lower and profits are higher when ABC is associated with motivation towards group activities, which strengthen cooperation. On the other hand, higher production costs and lower profits occur when the ABC system is associated with motivation towards competition. In this case, employees proceed to innovations from which only they gain, and use their information on cost drivers and activities only to increase their individual productivity. The Net Operating Income represents the Earnings Before Interest and Taxes (EBIT). The Net Operating Income is used, since the base (the denominator) includes the operating assets. Therefore, for reasons of consistency, the Net Operating Income is used as a numerator. On the other hand, Operating Assets include cash, liabilities accounts, stocks, buildings and equipment, and other assets used for production purposes within an organization.
Gordon and Silvester (1999) examined the performance results of companies that were connected with an ABC application. Their originality lies in the evaluation of results in the US capital market following their announcement on implementing an ABC system. Therefore, their measurement of success is based on publicly available data of the capital market on the examined companies. Moreover, the time on which a company has introduced an ABC system is also based on publicly available information. The announcement time of ABC implementation on behalf of the examined companies is usually around the end of the 1980s: a period when the US was characterized by a clear tendency towards ABC. Therefore, in that period, a reaction by the capital market towards ABC implementation was very likely to occur, as at the time the capital market entailed a massive character. In actual terms, at that time significant results should have been observed in the capital market. Yet, analysis has shown that the installation of an ABC system was not associated with any significant reaction in the capital market (either positive or negative). Researches believe that these results should be considered by companies that intend to install an ABC system, in terms of the costs and benefits that derive from the adoption of such a method.
Gordon and Silvester recognize that the performance assessment of a company with regards to the application of ABC with the use of capital market returns has limitations. On our part, we may indicatively mention the degree to which markets are effective, especially considering the level of information on ABC and the financial data available to investors, as well as the ability of investors to interpret given information in rational terms. It should be pointed out that ABC is not used for the preparation of financial statements for external users. Certain businesses use ABC in their published financial statements, although most of them do not (Garrison and Norren, 2004) . Therefore, if the precise data of a specific ABC adopted by a company are not known to investors, it is difficult to expect a relatively proper incorporation of such information to the price of the company's stock market shares (limited company).
Geishecker (1996) say that ABC should not be promoted as a financial system, but as part of a broader Activity Based Management (ABM) system. Where the ABC determines how much something costs, the ABM determines how a certain activity drives a company. A successful ABM forms an inter-functional choice that combines traditional financial data with non-financial information, to provide strategic assistance in planning, operating and evaluating a company. It is an analytical tool for making decisions, as with its help costing, planning, orders and every other function can be carried out based on the activities. Turney and Stratton (1992) support that with the two-dimensional ABC system (one dimension for cost assessment and one for processed), large progress is made in cost management. ABC becomes a real cost management system that supports product costing as well as performance improvement. The primary element for creating a two-dimensional ABC model is the use of micro-activities (or detailed tasks) and macro-activities (or task summaries). Micro-activities are labor units in a section in which they are dealt with on a daily basis and are part of the dimension of processes. They constitute the central point of focus for improvements. Detailed information (relating or not relating to costs), including cost drivers and performance measurements, is included in micro-activities. Micro-activities are not used for product costing. The cost of micro-activities is included in macro-activities. Macroactivities are sets of interrelated micro-activities and form part of the cost assessment dimension. Their main purpose is to facilitate the description of high production costs. Yet, they are concise enough to lead to the improvement of individual activities. The cost of macro-activities is included in the products with the use of one activity driver that lowers costs and the complexity of the ABC model, as activity drivers are not associated with micro-activities. Moreover, it maintains the accuracy of the described production costs, as the micro-activities included in a macro-activity are used in the same way by all products.
Gupta and Galloway (2003) point out that the strategic value of an ABC/ABM system lies in the provision of useful knowledge in decision making processes, since it does not just offer financial data but also examines processes and activities, in order to establish the areas that add value or those that don't. By considering such a system purely as an accounting system, we disregard its real value. The fact of establishing activities within the limits of sections using an ABC/ABM system might force managers to consider their company processes and to review their organizational models. The ABC/ABM system relates to a complete change of models, emphasizing on the interconnection of all business aspects.
Τhe Sales Plan Rescheduling Problem
Sales schedule (ABC activity costing) optimization is not an easy task for sales departments, because consideration of each salesman's motives and capacities will be generally unknown by sales departments in cases involving many salesmen in complex sales plans. Furthermore, sales departments have little incentive to accommodate the salesmen' motives. The companies are trying to motivate salesmen by distributing them justly in geographical areas with high revenue and use their commission percentage as a means to balance their income. The company should always have the maximum revenue for each combination of salesmen with geographical areas. A distributed coordination methodology that allows salesmen to evaluate the impact of their changes and make appropriate decisions based on the evaluation is, therefore, needed.
In order to develop and apply a distributed coordination methodology, we identified the following requirements for the developed system:
• Geographical areas are distributed on the landscape.
• A space is populated with agents representing salesmen.
• Agents are rescheduled periodically in such a way as to maintain the Utility of each replacement positive.
• Rescheduling takes place whenever an important event occurs such as: a change in the geographical area sales capacity, or a change in a salesman's capacity or a change in the salesman's commission percentage.
• Such events are produced randomly by the system causing it to reschedule its sales agents.
• If an agent is not replaced then the system redistributes resources that have been assigned to that geographical area. The money is proportional to the area's turnover and the agent's commission.
• The company's total turnover equals the sum of the agent's turnover minus the sum of each agent's commission.
• All sales tasks include the necessary information (geographical area performance, salesman capacity etc).
• All salesmen maintain the necessary information at the sales task-level.
• Minimal dependency information is available about other salesmen so that they can interact with each other.
• Salesmen should have communication channels to express their schedule perspectives to others, and • A conflict-resolution strategy should be devised in case of conflicts.
The research started by investigating whether the distributed frameworks in construction and AI planning can provide theoretical foundations for satisfying the above conditions. According to many researchers (Keesoo et al., 1987; Khedro et al., 1993; Gomes et al., 1994; Jin et al., 1993) current distributed frameworks do not provide a conflict resolution strategy based on a cost model, even though some of them provide various conflict resolution strategies for interactions between participants. ProcessLink (Petrie et al., 1998) identifies dependencies among tasks and participants but does not specify a conflict resolution strategy. Thus, we needed to develop a distributed coordination methodology that included a cost model and a conflict-resolution strategy based on the cost model.
A number of distributed coordination methodologies in Cooperative Distributed Problem Solving (CDPS) and Multi-Agent Systems (MAS) research were reviewed, but nothing was found concerning applications for Sales schedule (abc activity costing)optimization. Even for project schedule problems that are in a way similar to our project a number of shortcomings was found (Keesoo et al., 2000) .
Allowing the transfer of utility is important for Sales schedule (abc activity costing)optimization, as it is for construction project schedule optimization. When a salesman reschedules his sales, the rescheduling has external effects on succeeding salesmen plans and the company's profit, causing additional costs or loss of profits for the affected salesmen and thus for the company. Therefore in Sales schedule (abc activity costing)optimization we will get a globally optimal schedule if all alternatives are considered. Keesoo et al., (2000) has showed that allowing the transfer of utility units for compensation would lead to individually rational and globally optimal solutions in CDPS and MAS systems. In other words, agents try to maximize their utilities while compensating other agents, which are forced to make disadvantageous agreements. Consequently, the agents find a globally optimal solution without rendering the position of other agents worse. This globally optimal solution will increase the social welfare and this social welfare will be distributed directly to agents.
Many implicit mechanisms of the transfer of utility were proposed in a number of papers about CDPS and MAS. However, Keesoo et al., (2000) proposed an explicit and direct mechanism for the transfer of utility in their paper that is more efficient than using incentives or reward mechanisms, which we may find in some market-based systems (Malone, et al, 1988; Wellman, 1993; Shoham and Tanaka, 1997) . Unified negotiation protocol (Rosenschein et al., 1994) does not provide an explicit way of transferring utilities, so it uses an implicit way -working together after flipping a coin.
An important thing is that most CDPS and MAS applications employ pairwise negotiation mechanisms that are unsuitable for coordinating tightly coupled schedules like sales schedules. Keesoo et al., (2000) , has extended the current CDPS and MAS research to produce a globally optimal solution by allowing the transfer of utility for compensation of disadvantageous agreements and by developing a negotiation protocol suitable for coordinating the tightly coupled construction schedules; we will then use that solution so as to solve the current sales coordination dilemmas in the sales scheduling within corporations.
In their work to develop sales agents for virtual manufacturing, Choi et al (2000) proposed a virtual manufacturing-based sales agent (VMSA) with multiagent architecture to support the sales activity for parts manufacturers in an Internet environment. The sales activity of most parts manufacturing companies is originated from buyers' orders. On deciding whether to accept an order or not, as well as negotiating with buyers, sales persons need information such as load and schedule of production lines, as well as the manufacturability of the order. Manufacturability analysis, process planning, and scheduling are therefore key features in developing an agent of sales activity for the parts manufacturing business. The process of promotion, receipt, and selection of orders of the parts manufacturers is closely coupled with the load status of the production lines.
Sales Schedule (Abc Activity Costing) Optimization On Cdps And Mas
Sales optimization is a completely new area of research. In Sales optimization, agents can reallocate their initially assigned resources whenever the timing of the tasks is undesirable. This means that there are resource discrepancies between resource requirements and resource availability. However, this resource reallocation causes transaction costs. When they try to change the timing of their tasks, the changes cause external costs to succeeding agents. Therefore, agents have to evaluate the transaction costs associated with the reallocation of their resources and the external costs for changing the timing of tasks before they make decisions.
Addressing Compensation In Sales Scheduling (Abc Activity Costing)
Compensatory Negotiation Methodology was first introduced to project planning optimization by Keesoo et al. (2000) . This method seemed to have advantages over other methods in resolving the problem of transferring utility units "money" among software agents for compensation of disadvantageous agreements. We will apply this method to resolve the problem of transferring utility units among sales agents to compensate disadvantageous agreements.
In the following we will try to formalize agent utility function, the multiconnection negotiation protocol by which agents interact with each other, and a monetary compensation strategy that agents use to generate a sales solution.
A utility function serves as a means for the agent to evaluate a possible decision. The utility function produces utility units that are represented as real valued numbers "such as money", which describe the cost or benefit of alternatives for the agent. The utility is common for all agents and is distributed among them for compensation.
In our research, we quantify the benefit based on the profit compensation among the salesmen of a company, when rescheduling the sales plan and the cost based on the expected loss (which can be a positive or negative quantity) in turnover due to the transfer of salesmen. Thus, the utility function will be generated by subtracting these two quantities. In order to achieve this quantification we have made the following assertions: C i : the sales capacity of salesman (i) in a scale [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] This is a rather arbitrary value that for the purpose of the prototype will be assigned by the system to each salesman arbitrarily. P k : the sales performance (in sales turnover) of a geographical area (k).
This quantity can be estimated by dividing the sales turnover T i of every salesman that worked in the area by its sales capacity C i and then by finding the mean value. This will give an indicator of the turnover of this area per salesman capacity unit.
Co ik : the commission percentage of each salesman (i) in the area (k)
The type of the commission scheme is divided into three categories. In the first the commission is variable and depends upon the area's turnover. The company uses this scheme when it wants to compensate the revenues of their salesmen. In this scheme the commission percentage is conversely proportional to the area's turnover. In the second scheme the commission percentage is fixed and in the third scheme there is no commission at all.
The expected sales turnover for a salesman (i) in a geographical area (k) E ik, will be calculated by multiplying the sales turnover P k of the area with the salesman capacity C i.
Thus, the expected income for a salesman (i) in a geographical area (k) I ik, will be calculated by multiplying the expected sales turnover E ik of the salesman in the area, with the salesman commission percentage Co i.k in the area.
The company's benefit will be calculated by finding for each salesman (j) the salesman that will replace the first (i). That will give us the maximum difference among the expected company's turnovers in the area (k). The company's turnover is calculated by the expected turnover for the salesman minus his/her commission.
The benefit in moving a salesman (i) from a geographical area (k) to an area (m) can be calculated by subtracting his/her incomes: Benefit s = im ik I -I
(5)
As we want to compensate revenues of all salesmen, we have to take into account not only the company's benefit when replacing a salesman but also the salesman's benefit. The total benefit can be found by adding the two benefits after normalization, which will be done by multiplying each benefit with a weight factor. Benefit = Benefit s* w s + Benefit c* w c (6) Concerning the cost we have three possible sources and thus:
• TC k : the transportation cost of a salesman from the geographical area (k) to the company's premises.
• TC k fixed transportation cost related only to the distance.
• CC ikm : the cost incurred by the salesmen sales capacity increase, when moving him from a geographical area (k) to another area (m). The sales capacity increases proportionally to the area's turnover. Therefore when moving an agent from an area to another with a lower turnover the agent's capacity increases in a slower way. This will increase the capacity divergence between agents. To compensate that divergence, we introduce this cost calculated by subtracting the sales capacity increase of each salesman (i) in the area (k) C ik from the sales capacity increase of each salesman (i) in the area (m) C im.. The sales capacity increase C jk of each salesman (i) in an area (k) is calculated by multiplying the area's turnover P k with a fixed coefficient c and multiplying the difference with the expected sales turnover of the geographical area (k).
Thus, the total cost SC ikm of the salesman (i), who is moved from a geographical area (k) to another area (m) will be the sum of the following two partial costs:
Example 1 Suppose a salesman (i) with capacity 4 is assigned to the geographical area (k) that has a potential turnover of 100000€ and a commission percentage of 1%, and a salesman (j) with capacity 6 is assigned to the geographical area (k) with a potential turnover of 80000€ and a commission percentage of 1.5%. Suppose the transport cost of area (k) is 500€ and of area (m) is 300€. The cost of replacing salesman (i) with salesman (j) is: Cost = 2*(50+30) + (80000 -100000) * 0.001 = 140 (Based on formulas (6) and (7))
The benefit of rescheduling is: Therefore, the utility of replacing a salesman (i) with another salesman (j) is -288€.
Calculating the utility units with cooperation of other agents, an agent can make an appropriate decision quantitatively.
The utility function produces utility units for agents based on the cost ratios input by users. Therefore, agents are assumed to be honest in their work. However, there are concerns about whether the users provide agents with incorrect cost ratios to take advantage of other agents (Keesoo et al., 2000) . Since the same cost ratios are used to calculate both the benefit and costs, the users might take actual losses even though their agents make profitable deals. In some cases, an agent could produce higher profit from proceeding agents than actual costs with an incorrect cost ratio, but its calculated benefits using the same cost ratio will be much higher than the actual benefits, so that other agents will also take advantage of the inflated benefits and the agent might end up with losses. More research will be needed to verify that a truth revelation is the dominating strategy in most cases.
System's Architecture
We used Repast3 (Repast) as the agent platform to implement the system and evaluate it. Repast was developed at the University of Chicago's Social Science Research Computing lab specifically for creating agent-based simulations. We made the following assumptions:
• Every salesman covers only one geographical area.
• There are more areas than salesmen. The system has to take into account the areas that are not covered by salesman. So every salesman will investigate the possibility to replace a salesman in an area or to undertake another free area. In that case only the transportation cost and the benefit of this area should be considered.
• In each Repast tick the salesman change areas rescheduling themselves.
Each tick can represent a time period such as a day, week or month. Their aims are to:
o Increase the company's overall income.
o Increase their income.
o Increase their capacity.
• The commission percentage follows the three schemes explained in equation
(1) of the previous paragraph.
• The salesman sales capacity increases proportionally to the area's turnover.
• The salesman turnover increases proportionally to their capacity.
• The salesman income increases proportionally to their commission percentage and their turnover.
• The area's turnover decreases proportionally to the turnover moved to the agent's turnover (i.e. the company turnover).
The Main Algorithm
Although it may seem intuitively obvious that some form of `intelligence' or adaptation is necessary in bargaining agents, Gode and Sunder (1993) presented results indicating that their zero-intelligence (ZI) agents can exhibit human-like behavior in CDA markets. Considering the results in such projects, we decided to adopt the Zero-Intelligence-Plus (ZIP) agents, instead of developing knowledgeable agents (Cliff et al., 1998) , which only know salesmen' tasks, geographical area characteristics, cost profiles and only have basic reasoning capabilities. The consequence is that agents need to obtain a complete knowledge for their decisions through multi-linked negotiations, where one agent negotiates with another agent, which in turn needs to negotiate with a third and so on, until the last agent. This multi-linked negotiation is inspired by the work of Keesoo et al. (2000) and Neiman et al. (1994) .
For the needs of the prototype we used the Repast framework. In each Repast round every agent performs the following sequence of actions.
• The agent asks each one of the others, which are their characteristics (commission, capacity etc.) and the area's left turnover.
• The agent calculates the Utility of replacing this agent and stores the result in a table.
• The agent does the same for the free uncovered areas.
• The agent chooses the one with the highest utility and asks to replace the salesman.
• The replaced salesman goes to the company's premises.
• The process is repeated for all salesmen.
Sales Ontology
This ongoing research focuses on sales rescheduling salespersons. Sales rescheduling is different from schedule relocation or coordination problems in terms of its need of ontology. In task reallocation schedule coordination problems, abstract information, such as earliest start time is enough for negotiation. In sales rescheduling, the ontology on rescheduled salesmen should be defined for collaboration among software agents. Things that need to be specified are the knowledge structures used to define sales activities and the relationships among these activities (Albers et al., 1999) . The criteria that we take into account when defining our sales ontology for activities are: clarity, coherence, extendibility, minimal encoding bias and minimal ontological commitment (Gruber, 1995) .
The multi-agent prototype system will be first developed and tested using Repast. In a next step the system can be used to perform the Charrette test (Clayton et al., 1998 ) that tests the effectiveness of software systems. After the analysis of the preliminary test, the main test will be conducted by comparing two sales schedules: one is a conventional "manual" schedule and the other is an innovative computeraided sales schedule. The variables to be tested will be the usability, speed, and accuracy of the prototype system.
The Prototype
We executed the prototype using 200 geographical areas and 40 salesmen. We spread the turnovers randomly to the areas using a max of 30MEuro per area. In each area we assigned a commission percentage proportional to the area's turnover. Finally, we randomly assigned a capacity to each salesman between 0-10.
The execution results can be seen in the following graphs. They show the evolution in the total company turnover, the salesmen turnover and the salesmen capacity in the 100 th round and in the 2000 th round. The explanation to this is that if we consider as total benefit the maximum turnover for the agents, then we take into account both the increase of the company's turnover and the salesmen profit. This will lead all three curves to convergence. As one can easily deduce from the above diagrams, the systems converges in a state where the company's turnover does not increase anymore and the salesmen capacities and incomes are equalized.
In the diagram concerning the salesmen income the y axis represents the number of salesmen and the x axis their income in money. It is obvious that there is a salesmen concentration in the wealthiest part of the diagram (right). The salesmen increase their income uniformly.
In the diagram concerning the salesmen capacity the y axis represents the number of salesmen and the x axis their capacity. Moreover, a salesmen concentration in the right part of the diagram, the one with the highest capacity, is obvious. That means that the salesmen uniformly increase their capacities.
Conclusions And Future Research
From this ongoing research one can deduce that software agents can help optimize a Sales schedule (ABC activity costing)for both companies and salesmen. Keeping salesmen satisfied while increasing the company's turnover is a major advantage since this will lead to an optimal working environment. Since it is one of the first efforts to model a sales plan optimization process with a multi-agent systems framework, the results are very satisfactory.
It is expected that this research will lead to a new approach for developing and rescheduling sales activities within companies of any kind and size. Also, the research will provide a foundation to develop a sales scheduling coordination system that will allow companies to identify and analyze their resource constraints in a given schedule, and help them explore and exploit many alternatives for a better solution.
In conclusion, as shown in similar multi-agent prototype systems, this approach can lead to the development of distributed Sales schedule (ABC activity costing) optimization frameworks and can provide a foundation for facilitating collaboration among salesmen and sales managers within a company. It is expected that our research will provide a foundation to develop a sales scheduling coordination system that will allow companies to identify and analyze their resource constraints in a given schedule, and help them explore and exploit many alternatives for a better solution.
